ABSTRACT
Application of Markowitz and Sharpe Models in Nepalese Stock Market
all sector of the economy by inducing investors to invest in stocks of different industrial categories and thereby fosters the economy growth of the country.
The present study has been carried out with a view to apply portfolio models propounded by Markowitz and Sharpe in the Nepalese stock market and thereby assist selecting optimal portfolios out of the stocks listed in NEPSE. In other words the study answers this question: do Markowitz and Sharpe models improve investment performance of an investor in Nepalese stock market?
The study has considered only the common stock in forming the portfolios and has formed a limited number of two-asset portfolios under Markowitz model. Further, it has formed an optimal portfolio combining various stocks under Sharpe model. Evidently, this study has provided a number of options for making decision in the choice of optimal portfolios according to the need and preference of investors.
Theoretical Framework

Harry M. Markowitz and Portfolio Selection Model
Prior to Markowitz's work, investors focused on assessing the risks and rewards of individual securities in constructing their portfolios. Standard investment advice was to identify those securities that offered the best opportunities for gain with the least risk and then construct a portfolio from these. Following this advice, an investor might conclude that bank stocks all offered good risk-reward characteristics and compile a portfolio entirely from these. Intuitively, this would be foolish. Markowitz formalized this intuition. Markowitz began a revolution by suggesting that the value of a security to an investor might best be evaluated by its mean, its standard deviation and its correlation to other securities in the portfolio. This audacious suggestion amounted to ignoring a lot of information about the firm-its earnings, dividend policy, capital structure, market, and competitor-,and calculating a few simple statistics. Detailing a mathematic of diversification, he proposed that investors focus on selecting portfolios based on their overall risk-reward characteristics instead of merely compiling portfolios from securities that each individually has attractive risk reward characteristics. In a nutshell, investors should select portfolios not individual securities.
The Markowitz model is a single-period model, where an investor forms a portfolio at the beginning of the period. The investor's objective is to maximize the portfolio's expected return subject to an acceptable level of risk or minimize risk subject to an acceptable expected return. The assumption of a single time period, coupled with assumptions about the investor's attitude toward risk, allows risk to be measured by the variance or standard deviation of the portfolio's return. Thus, as indicated by the arrow in Fig. 1 , the investor is trying as far to go northwest as possible. As securities are added to a portfolio, the expected return and standard deviation change in very specific ways, based on the way in which the added securities co-vary with the other securities in the portfolio. The best than an investor can do (i.e., the furthest northwest a portfolio can be) is bounded by a curve that is the upper half of a hyperbola, as shown in above figure. This curve is known as the efficient frontier. According to the Markowitz model, investors select portfolios along this curve, according to their tolerance for risk. An investor who can live with a lot of risk might choose portfolio A, while a more risk-averse investor would be more likely to choose portfolio B. One of the major insights of the Markowitz model is that it is a security's expected return, coupled with how it covaries with other securities, that determines how it is added to investor portfolios. Markowitz's primary contribution consisted of developing a rigorously formulated, operational theory for portfolio selection under uncertainty. Due to the possibility of reducing the risk through diversification, the risk of the portfolio, measured as its variance, will depend not only on the individual variances of the return on different assets but also on the pair wise covariance of all assets. Hence, the essential aspect pertaining to the risk of an asset is not the risk of each asset in isolation but the contribution of each asset to the risk of the aggregate portfolio. However, the law of large numbers is not wholly applicable to the diversification of risks in portfolio choice because the returns on different assets are correlated in practice. Thus, in general, risk cannot be eliminated, regardless of how many types of securities represented in a portfolio.
Markowitz Model: Mean Variance Portfolio Selection
We can construct large number of portfolio by combining security and by varying proportion of investment among assets. Among the portfolios formed, some are efficient and many others are inefficient i.e. dominated. The sets of portfolios that (i.) offer maximum expected return for varying levels of risk, and (ii.) offer minimum risk for varying levels of expected return, are known as "efficient sets". The efficient portfolio lies along efficient frontier. Efficient frontier posses unique risk and return characteristics. The investor will choose portfolios from these efficient portfolios. This concept falls under the Modern Portfolio Theory. The theory assumes, among other things, that investors devotedly try to minimize risk while motivated for the highest return possible. The theory states that investors will act rationally always making decisions aimed at maximizing their return for their acceptable level of risk. Harry M. Markowitz described this portfolio theory in 1952 and it shows that it is possible for different portfolios to have varying levels of risk and return. Each investor must decide how much risk they can handle and then allocate or diversify their investment according to this decision. The optimal-risk portfolio is usually determined to be somewhere in the middle of the curve because as one go higher up the curve, s/he takes on proportionately more risk for a lower incremental return. But low risk/low return portfolios are pointless because s/he can achieve a similar return by investing in risk-free returns like government securities.
Investors can choose how much volatility s/he is willing to bear in her/his portfolio by picking any other point that falls on the efficient frontier. This will give her/him maximum return for risk s/he wishes to accept. To select a minimum variance portfolio, an investor should plot her/his indifference curves on the efficient set and then proceeds to choose the portfolio that is on the indifference curve that is farthest northeast. These portfolios will correspondence to the point at which an indifference curve is just tangent to the efficient set.
In Fig. 2 , the point of tangency between indifference curve IC 2 and efficient curve intercept at point A. The point A is the optimal portfolio combination with the indifference curve IC 2 . Portfolio A is the feasible portfolio that represents the tangency point between efficient set and indifference curve of the investor. Although investor will prefer IC 1 but not such portfolio exists. Here, portfolio A is the dominant portfolio set.
The Markowitz model was a brilliant innovation in the science of portfolio selection. With almost a disarming slight-of-hand, Markowitz showed us that all the information needed to choose the best portfolio for any given level of risk is contained in three simple statistics: mean, standard deviation and correlation. In short, Harry Markowitz fundamentally altered how investment decisions were made. Virtually every major portfolio manager today consults an optimization program. They may not Application of Markowitz and Sharpe Models in Nepalese Stock Market follow its recommendation exactly, but they use it to evaluate basic risk and return trade-offs (Goetzmann 1995) . Why doesn't everyone use the Markowitz model to solve his/her investment problem? The answer again lies in statistics. The historical mean return may be a poor estimate of the future mean return. As you increase the number of securities, you increase the number of correlations you must estimateand you must estimate them correctly to obtain the right answer. For large number of stocks, one is certain to find correlations that are widely inaccurate. Unfortunately, the model does not deal well with incorrect inputs. That is why it is best applied to allocation decisions across asset classes, for which the number of correlations is low, and the summary statistics are well estimated (Goetzmann 1995) .
Sharpe Model of Portfolio Optimization
William Sharpe, who among others has tried to simplify the process of data inputs, data tabulation, and reaching a solution, has developed a simplified variant of the Markowitz model that reduces substantially its data and computational requirements. Markowitz model was theoretically elegant and conceptually sound. However, its serious limitation was the sophisticated and volume of work well beyond the capacity of all except a few analysis.
William F. Sharpe's pioneering achievement in this field was contained in his essay entitled to Capital Asset Prices: A Theory of Market Equilibrium under Conditions of Risk (Sharpe 1964) . As per Sharpe model or Portfolio Optimization model, the linearity of security should be found. The beta of security represents the market linearity of the stock. The market influences each stock. Negative beta defines that security is not linear to the market. The security having negative beta coefficient is rejected as investment alternative. Similarly, security that provides lower rate of return than risk-free rate of return is rejected as investment alternative because such stocks entail some investment risk but they are not compensating the investment risk.
The construction of an optimal portfolio is simplified if a single number measures the desirability of including a stock in the optimal portfolio. If we accept the single-index model, such a number exists. In this case, the desirability of any stock is directly related to its excess return-to-beta ratio (R j -R f )/β i .
If the stocks are ranked by excess return to beta (from highest to lowest), the ranking represents the desirability of any stock's inclusion in a portfolio. The number of stocks selected depends on a unique cutoff rate such that all stocks with higher ratios of (R i -R f )/β i will be included and all stocks with lower ratios excluded. To determine which stocks are included in the optimum portfolio, the following steps are necessary:
IC1 IC2 IC3
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• Calculate the excess return-to-beta ratio for each stocks under review and the rank them from highest to lowest.
• The optimum portfolio consists of investing in all stocks for which (R i -R f )/β i is greater than a particular cutoff point C*. All securities whose excess return-to-beta ratios are above the cutoff rate are selected and all whose securities with the ratios below the cutoff rate are rejected. The value of C* is computed from the characteristics of all securities that belong in the optimum portfolio. To determine C* it is necessary to calculate its value as if different numbers of securities were in the optimum portfolio. risk-free rate of return After getting the C i of each security, investors select highest C i value that is C* among all the securities and develop a ranking on all securities. Then investors compare C* with excess return to beta of each security. Then, the securities having value greater than C* are selected. Once investors know which securities are to be included in the optimum portfolio, investors must calculate the percent invested in each security. The percentage invested in each security is:
Where.
C* = cutoff rate R i = expected return of stock i R f = risk-free rate of return β i = beta of stock i σ ei = unsystematic risk of stock i The above expression determines the relative investment in each security. The first expression simply scales the weights on each security so that they sum to 1 (ensure full investment). The residual variance on each security σ ei plays an important role in determining how much to invest in each security. Then the portfolio return can be obtained by using following equation:
Where, W i = weight/proportion of investment in security i
Application of Markowitz and Sharpe Models in Nepalese Stock Market
β i = beta of stock i σ i = standard deviation of stock i e i = unsystematic risk of security i By following the above-mentioned procedure, the optimum portfolio can be obtained under Sharpe model.
Review of Studies in Nepalese Stock Market
There are a few studies, mostly Master degree dissetation (Bhatta 1995 , Sapkota 1999 , Adhikari 2002 , Joshi 2002 , Poudyal 2002 , Shrestha 2004 , Shrestha A. 2004 , Pantha 2005 , Khadaka 2006 and Koirala 2006 , on the topic. These studies have attempted to form optimum portfolios but have number of limitations including, unrealistic assumptions, small number of samples, samples being drawn from only one industry, very short study period, etc.
The Sample and the Method of Analysis
The study is based on the risk and return data of a sample of 30 stocks listed in NEPSE (refer to Annex 1). The selection of sample is based on the following criteria:
• Since the study covers a period of FY 1997/98 to Mid-May 2006, only those companies whose common stocks were listed before the FY 1996/97 are selected as sample companies.
• Only the stocks offering mean return above the risk-free rate are selected as samples. The securities that provide lower return than the risk-free rate of return are excluded because such stocks entail some investment risk but they are not compensating the investment risk (Sharpe 1956 ).
Samples selected on the above criteria cover six out of eight industrial categories and constitutes 23.25 percent of the total stock listed in NEPSE at the end of FY 1996/97. The number of total listed companies and number of sample stocks in each industrial category are given in Table1. The data for the study have been collected from the publications and home pages of NEPSE, Nepal Securities Board and Nepal Rastra Bank. The following procedures have been followed to apply Markowitz's two-stock portfolio model.
Table1: Representation of Sample Stocks
• Mean return, standard deviation, beta of each stock and the market has been calculated based on past 10 years ' (1997 /98 to Mid-May 2006 return.
• Four hundred thirty-five two-stock portfolios have been formed from 30 sample stocks and correlations of these 435 sets have been calculated.
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• Out of the 435 sets, 50 sets of two-stock portfolios with least correlation have been selected for consideration.
• Risk minimizing weights, portfolios return and portfolio standard deviations have been calculated for 50 sets of two-stock portfolio.
• An efficient frontier has been developed on the basis of mean and standard of each portfolio.
The following procedures have been followed to apply Sharpe's model.
• Excess return-to-beta ratio has been calculated for each stock under review and they have been ranked from highest to lowest.
• A cutoff point has been determined.
• Optimum portfolio has been formed from those stocks that have higher excess return-to-beta ratio than the cutoff point.
Analysis and Discussion
Return and Risk of Individual Securities and the Market
The mean return and risk in terms of standard deviation, coefficient of variation (CV) and beta, have been calculated for 30 sample stocks and presented in Table 2 . Among 30 sample companies, the stock of AFCL offers the highest average return (82.34 percent) followed by the stock of EBL (62.72 percent) and NBBL's stock (47.66 percent). Similarly, the stock of BBCL offers the lowest risk (15.55 percent) followed by the stock of YFL (20.35 percent) and BNBL (25.34 percent). In term of CV the stock of YFL has the lowest risk per unit of return followed by stock of SCBNL (0.88) and stock of CIT (0.92). In terms of systematic risk, the stock of AFCL has the highest beta (4.193) and the stock of BBCL has the lowest beta (0.235). Thus, among all 30 companies, the stock of AFCL is the best in terms of average return while the stock of BBCL is the best in terms of beta and the stock of YFL is best in terms of risk per unit of return (CV). Industry-wise comparison reveals that banks are the clear winner in terms of return as well as risk. The average market return for the period is 12.86 percent with 28.80 percent standard deviation. 
Selection of Stocks for Two-stock Portfolio
Application of Markowitz model suggests the formation of portfolios of stocks that have less than perfect positive correlation. For that matter correlations have been calculated for all possible sets (435 sets) that can be formed from the samples. The calculated correlation coefficients appear in Annex 2 and the summary of correlation is presented in Table 3 . Among 435 pairs, there are 146 pairs having correlation coefficient (between 0.80 and 1.00. Similarly, there are 151 pairs having correlation between 0.60 and 0.799 and remaining120 pairs have correlation coefficient between 0.00 and 0.599. There are only 18 pairs having negative correlation coefficient. The correlation between AFCL's stock and NFSCL's stock (0.977) is the highest among the stocks of sample companies followed by HGICL and NCML (0.974) and NFSCL and KFL (0.974) . Similarly, correlation between BBCL and NFCL (-0.437) is the lowest followed by BBCL and NICL (-0.310) and BBCL and KFL (-0.240) (Annex 2). Among these 435 feasible sets, a set of 50 portfolios having least correlation coefficients has been selected for the study. The list of these portfolios appears in Annex 3
Calculation of Weights, Expected Return and Standard Deviation of 50 Portfolios
Applying Markowitz's minimum variance portfolio formula, the weight of each stock included in 50 portfolios has been calculated which is presented in Annex 4. The expected return and standard deviation of all 50 sets of two-stock portfolios have also been computed (Annex 4). The expected return of the portfolios ranges between 6.57 percent to 45.65 percent whereas portfolio risk (standard deviation) ranges between 10.42 percent to 66.35 percent. Among 50 portfolio, Set-28, i.e., combination of stocks of AFCL (11.6 percent investment) and UNL (88.4 percent investment) provides highest return (45.65 percent) followed by Set-40, i.e., combination of NCML (22.4 percent investment) and UNL (77.6 percent investment) with 41.33 percent return and Set-26, i.e., combination of NFSCL (16.8 percent investment) and UNL stocks (83.2 percent investment) with 41.03 percent return. On the contrary, Set-1, i.e., the combination of NFCL (31 percent investment) and BBCL (69 percent investment) provides lowest risk (with standard deviation of return of 10.42 percent) followed by Set-2, i.e., the combination of NICL (22.3 percent investment) and BBCL (77.7 percent investment) with standard deviation of return of 12.23 percent and Set-9, i.e., the combination of BNBL (29.4 percent investment) and BBCL (70.6 percent investment) with the standard deviation of return of 12.55 percent.
Identification of Efficient Sets
The study has developed an efficient frontier using the expected return and standard deviation of fifty feasible sets which has been presented in Figure 1 . As per the risk and return preference of the investor, they will choose the optimal portfolio out of these four portfolios. Those investors with high appetite for risk will choose Set-28 and those with low appetite will choose Set-1.
Ranking of Efficient Sets
Applying the Markowitz two-asset model, the four portfolios have been found as efficient as they lie in the Markowitz efficient frontier. However, it is important to pick the best portfolio among these four efficient portfolios. In this regard, Sharpe and Treynor, among others, have developed their own 'measure' to rank the portfolios by evaluating the performance of portfolios.
The Sharpe ratio measures the amount of return from an investment portfolio for a given level of risk. It is obtained by dividing a measure of portfolio return volatility (the standard deviation of returns) into the excess returns generated by the portfolio over a risk-free rate of return. The higher the resulting number (index), the better is the portfolio performance. This ratio, also known as the rewardto-variability ratio, is used to rank the performance of investment funds. But Treynor uses systematic risk (beta) instead of total risk (standard deviation) to calculate the performance index. As depicted in Table 4 both measures rank the efficient portfolios in the same order. Set-49 (SCBNL &YFL) ranks the first under both performance measures. 
Sharpe Portfolio Optimization Model
Markowitz model is theoretically elegant and conceptually sound. However, its serious limitation is the volume of computational work it requires. Under Sharpe model the process of portfolio selection has been greatly simplified as a single number measures the desirability of including a stock in the optimal portfolio. Under this model, the stocks are ranked by excess return to beta ratio (from highest to lowest), and the ranking represents the desirability of any stock's inclusion in a portfolio. The number of stocks selected depends on a unique cutoff rate such that all stocks with higher ratios of (R i -R F )/β i will be included and all stocks with lower ratios excluded. We calculated the excess return-to-beta ratio for each stock under review, ranked them from highest to lowest order and included those stocks for which (R i -R F )/β i is greater than a particular cutoff point C* in the optimum portfolio.
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Accordingly, the excess return-to-beta ratios for all sample stocks are computed and are ranked from highest to lowest order. They are presented in Annex 6. As per the ranking the stock of YFL has highest excess return-to-beta ratio (69.892) followed by stock of CIT (40.214), stock of HBL (35.017), stock of NICL (33.131) and stock of SCBNL (29.702). Hence, they are ranked one to five. The stock of SHL has the lowest excess return-to-beta (0.448).
Selecting the optimal portfolio involves the comparison of (R i -R F )/β i with cutoff rate (C*). All securities whose excess return-to-beta ratios are above the cutoff rate are selected and whose ratios are below are rejected. Hence, the next step on the Sharpe model is to establish a cut-off rate (C*). This has been computed and presented in Annex 7. The highest C i value is 28.898 for SCBNL (Annex 7), hence, the cutoff rate (C*) is 28.898. There are only five stocks whose excess return-to-beta ratios are above the cutoff rate. Therefore, these five stocks form an optimal portfolio under this Sharpe model. It consists of stocks of YFL, CIT, HBL, NICL and SCBNL. The remaining 25 stocks are excluded from the portfolio as they have lower excess return-to-beta ratios than the cutoff rate.
Arriving at the Optimal Portfolio
Once we know which stocks are to be included in the optimum portfolios, we must find out the proportion of each security in the portfolio. The percentage invested in each security is:
Percentage invested in each security
Where,
The second expression determines the relative investment in each stock, and the first expression simply scales the weights on each security so that they sum to 1 (ensuring full investment). The residual variance on each stock σ Though the calculation of weight for each stock for an optimal portfolio has been concluded, it is necessary to see the risk and return pattern of the optimal portfolio. The return of optimal portfolio is obtained multiplying the mean return of each stock by its proportion of investment, which is 30.19 percent. The variance of the portfolio is 390.43, the standard deviation 19.78 percent and CV of the portfolio equal to 0.65. If the CV of optimal portfolio is compared with the CVs of each single security, it is the lowest, indicating that the risk per unit of return is lowest in the portfolio formed by applying Sharpe model. The beta of the portfolio is also significantly lower (0.5417) than that of the market.
These calculations show that an investor in Nepalese stock market can reduce risk in his/her investment by applying simple models of portfolio selection developed some five decades ago. NABIL  NIBL  SCBNL  HBL  NSBIBL  NBBL  EBL  NFSCL  NCML  NFCL  NSMFL  AFCL  KFL  PFL  CIT  NFL  ACFL  YFL  SFL  NICL  NLGICL  HGICL  UICL  PICL  EICL  BNBL  BNTL  UNL  SHL • Variance of NEPSE return (Var NEPSE = 829.33) 
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